The main objective of this paper is to study the mineralogical composition and the environmental conditions of the Subiyah clay to be used for crafting pottery and technological behaviour that allows the evaluation of the applicability of the clay deposits in manufacturing new ceramic products at Kuwait. This research could help artists, crafters of potters, and ceramic manufactures in Kuwait to depend on inland clay and this makes it easier for more production in ceramic and pottery in the future. All this could enhance the cultural of ceramic in teaching or producing it in Kuwaitfor the first time. For that purpose, six stations were selected at North-eastern part (Subiyah area) of Kuwait for clay investigation. X-ray Diffraction method (XRD) was led to identify mineralogical composition of samples; S1, S2, S3, S4A, S4B, and S6 were quartz, Calcite (Caco3), Dolomite, Illite and Clinochlore. Whereas; Quartz, Calcite Dolomite, Palygorskite, Nontronite and Clinochlore were recorded at S5 and S7. Clay mineralogical and environmental studies at our study area proved that, crafter can depend on Subiyah clay better than importing it from abroad.
Literature Review
The most abundant, ubiquitous, and accessible material on the earth crust is clay [6] . Clay is simply defined as earth or soil that is plastic and tenacious when moist becomes permanently hard when baked or fired. It consists of a group of hydrous aluminosilicate minerals formed by the weathering of feldspathic rocks, such as granite. Individual mineral grains are microscopic in size and shaped like flakes. This makes their aggregate surface area much greater than their thickness and allows them to take up large amounts of water by adhesion, giving them plasticity and causing some varieties to swell (expandable clay). Common clay is a mixture of kaolin, or china clay (hydrated clay), and the fine powder of some feldspathic mineral that is anhydrous (without water) and not decompose.
Using clayey raw minerals in art craft and ceramic production have been extensively studied, particularly in the fields of industrial ceramic applications around the World [7] - [19] and archaeological ceramics [20] - [26] .
Geological Setting
Kuwait lies along the north-western corner of the Arabian Gulf, bordered by Saudi Arabia in the south, Iraq to the north and west and the Arabian Gulf to the east. The surface topography is about 17,818 km 2 and about seven Islands scattered off along the coast of Kuwait ( Figure 1 ). Authors had already chosen studied stations according to the difference in morphological change noticed across the northern part of Kuwait and a quantity of rainfall during last years.
The surface of Kuwait is marked by undulating gravel-covered plains that slope gently towards the Gulf. In general, the surface of Kuwait is flat sand desert that can divide into north and south part. The north part is hard flat with shallow depressions and low hills running from north-west to south west. The principle escarpment is in the north region are Jal Az-Zour escarpment "with 145 m, height" and Al-Liyahv ridge "with 138 m, height" [27] . The south part is treeless plain covered by sand, the Al-Ahmadi hill "125 m, heights" is the sole exception to the flat terrain. In addition to wadi Al-Batin, Ash-shaqq is another major valley, a portion of which lies within the south part of the country. [46] . This paper describes the major structural elements identified onshore Kuwait and illustrates and discusses the specific characteristics of selected structural elements using gravity, seismic and we 11 data. The location and names the structures commonly used by petroleum geologists and hydro-geologists in Kuwait and some important observations concerning distinctive suites of structural trends are presented and related to the regional structure.
Geomorphology of Kuwait
Geological the land of Kuwait consists of flat-lying Tertiary rocks over laying the gently folded cretaceous and Jurassic formations [29] . Rock types exposed in outcrops include the Eocene Dammam formation. The Oligocene Ghar formation and the Miocene and Pliocene Mutla and Jal-Az-zor formations ( Figure 2 ).
The Dammam formation is white fine grinned cherty limestone that shows some karst development and at its contact with younger sediments, which is an indication of sub-aerial exposure and erosion. The Ghar, Mutla and Jal-Az-Zor formations are primarily composed of calcareous sandstones. Sunday lime stones, clay and sand. Unconsolidated sands constitute nearly half of these deposits [47] . The structure of the Dammam formation has directly left an impression on the surface as morph structural forms and in directly controlled the geomorphic forms of the overlying sediments [48] . Completing the section above the Ghar, Mutla and Jal Az-zour formation is Dibdibba formation, divided based on grain size into an upper and lower member ( Figure 3 ) the lower member is gritty sand stone, whereas the upper member is coarser, pebblier sand stone. Quaternary deposits include lag gravel which blanket much of the interior of Kuwait and coastal deposits include unconsolidated marine sands, mud flats and supratidal sabkha surface [29] . In general, north Kuwait is largely covered by a gravel plain. The predominated of this unit in Kuwait is mainly attributed to the recurrence of the gravel Dibdibba formation which out crops in north Kuwait and south Iraq and acts as a protective lager stabilizing the desert surface from wind evasion [50] . Conversely, south Kuwait covered by a sandy plain composed of smooth and rugged, vegetable sand sheets. The recent surface deposits of Kuwait are classified into eleven major classes per their textural characteristics and field occurrences, normally 1) aeolin 2) residual 3) playa lake 4) playa 5) talus 6) alluvial fans 7) tidal flat 8) beaches 9) calcrete 10) evaporate 11) wadi and desert plain [49] .
The distribution of surface sediments is highly controlled by several mechanisms. Firstly, wind plays, a major role in distribution Quaternary and recent Aeolian deposits along the dominated direction form the north-northwest, the dune fields and sands sheets are clearly oriented in this direction. Secondly, water-laid deposits are visible along the wadi channels where high amounts of pebbles and gravels from a gravel lag along the wadi tributary system (Figure 2 & Figure 3 ). Thirdly, evaporate (ca 804) and (ca 504.21120) and salt deposited are formed along the coast and on land where the evaporation rate is highly during the summer.
The main two sources of sediments in the Northern Kuwait: the Aeolian deposition and the in-situ precipitation in the form of sabkhas (coastal sabkhas).
Aeolian transportation, as mentioned by [51] , comes from several locations. Another potential source of dust is the southern area of Iraq, where an area of about 9000 km 2 (southern marshes) was drained, resulting in the occurrence of dry lands that are vulnerable to the dominant NW-SE wind direction creating dust storms that settle over the northern part of the Arabian Gulf.
Climate
The climate of Kuwait is characterized by extremely hot, dry summer with aver- 
Clay Minerals and Its Environment
Clay-based materials occur both in the plain and river areas [52] . The term "clay" refers to a naturally occurring material that composed primarily of fine-grained minerals, which is generally plastic at appropriate water contents and susceptible to hardening when fired at high temperature [53] . Although clay usually contains phyllosilicates, it may contain other materials that could impart plasticity when wet and harden when fired. However, associated phases in clay may include organic matter and materials that do not impart plasticity Clay minerals can be categorized into four subgroups: 1) kaolinite; 2) smectite 
Materials and Methods

Sampling and Site Environmental Investigation
Six stations were selected for soil samples from Subiyah area, Northern Kuwait.
Samples from modern freshwater and coastal marine depositional environments were chosen for the inter-laboratory comparison. Samples were collected from depths of 0.2 m to 0.4 m below the ground surface (see map Figure 1 & Figure   4 ). Recent clayey bed in our studied stations was formed because of common weathering, diagentic, and marine conditions. Samples were trimmed carefully to slightly oversize the brass liner sampler which was pushed in the soil and slightly sampled. After extraction, the tubes were sealed with special rubber caps and transported to the laboratory and preserve din a humidity-controlled cabinet. being made against reference standard diffractograms. Clay mineral identification was made using samples sediment onto glass slides to maximize the diffraction peaks used to characterize these components ({001} and {002} lines).
Analytical Methods
The identification of the clay minerals followed the methodology designed by [59] . This involved comparison of the X-ray patterns for sediments treated with Four main clay minerals were observed (see Figures 5-12) ). Illite was identified by diffraction maxima at 10, 5 and 3.3 Å, all of which remain unaffected by glycolation. Smectite was identified by broad diffraction maxima around 14 Å that shifted to a broad peak around 16 to 18 Å on glycolation and to 10 Å on heating to 450˚C. Chlorite was identified by diffraction maxima at 14, 7 and 3.5Å and remained unaffected by glycolation or potassium chloride treatments, although the peaks decreased in intensity on heating to 650˚C. Kaolinite was identified using the major diffraction lines but straightforward identification could not be made using the {001} line due to partial masking of the 7 Å basal peak: several other higher order peaks were used for the identification, in most cases, although for some samples, low chlorite levels meant that a clearer identification could be made. The percentage of the clay minerals was determined by comparing the peak areas of the {001} diffraction patterns on glycolation. For this, the peak areas were weighted on a basis of 1:2:4 for smectite, illite and chlorite plus kaolinite [60] . Chlorite and kaolinite could not be distinguished because of the closeness of the 7 Å peak and semi-quantitative separation of these components involved chemical-leaching methodologies described later in the paper. In addition, there were sometimes small and broad peaks in the region of 11 to 13 Å spacing, which "smeared out" even more on glycolation. These presumably represented mixed-layer clays, but details of the mineralogy could not be assessed due to the small size of the peaks and the presence of other clay mineral peaks.
Materials and Methods for Ceramic Preparation
Based on [61] , who mentioned that, the researchers undertaking this work are primarily Fine Artists, Designers and Crafts persons (practitioners) and as such have sought methodologies which reflect their discipline-specific expertise. This has led to the use of the terms "practice-based" or "practice-led" research. This reflects a change in emphasis in research from research about the Visual Arts and artists, designers, crafts persons. These shifts in research frameworks are also taking place in other disciplines, and are symptomatic of a global reappraisal of the nature of knowledge and communication.
This research will depend on practice based research in using and testing clays, understanding the validity of the clays to be used in the forming pottery.
Also, identifying the percentage of the amount of the clay and Pseudo matrix within each amount of clay.
In the beginning of this research some samples were taken from different areas in Subiyah, located in north of Kuwait and near to Bobyan Island. Seven samples were taken from different places. The practice based in this research divided into three applications for clay mineralogy, these areas as the following:
First Application: Weighting the Clay Sediments
In this application, researchers were taken a sample amount of 100 gr. sediments Figure 13 ). Finally, authors measured the weight of the rest pure clay sediments to record the best area of clay samples (Table 1) .
Second Application: Using the Clay in the Mould Test
In this test, each sample was tested inside press mould clay of cup form to see the practice result of each clay after the firing under 1031˚C Figure 13 .
Third Application: Throwing Clay Test
In this experiment, each sample was tested by throwing experiment technique, using the electronic wheel to see the forming of clay in making bowls and cups Figure 13 . Clay preparation using strainer local clay body preparation and clay throwing process at Subah Al Ahmad Centre for Giftedness and Creativity. 
Results and Discussion
Mineralogical Composition
Samples; S1, S2, S3, S4A, S4B and S6 show low quartz, Calcite (Caco3), Dolomite, Illite and Clinochlore. Whereas; Quartz, Calcite Dolomite, Palygorskite, Nontronite and Clinochlore were recorded at S5 and S7 (see Figures 5-12 ). Table 1, shows the weight of non-clay sediments, it could notice the most purity of clay in sample 7, then sample 5, and finally sample 2 gradually.
Result of the Applying Samples on the Wheel
In such step applying the wheel for the clay samples. This stage is the most important one for the potters and Ceramists designer, to design and make a cups and bowls or vases. In the beginning of this step, the clay of each sample purified from grains Table 2 , stones and pseudo-matrix by using strainer size 100 ml, then preparing the clays to be use for throwing (see Figures 14-28) . Throwing on the wheel start with centering the clay, then opening, expanding and rise the clay up, then forming the bowl or the cup. After that trimming the back side of the shape to get the final form. All these processes done for all samples of the Subiyah clay. In the final step cups and bowls were fired in the electrical kiln under temperature 1031 Celsius (see the following picture steps).
Results of Applying Clay Samples on the Press Mould
In this stage of the research, a mould from plaster selected with a form of cup Table 2 . Other clays samples were prepared but without purify from grains, applied to plaster mold and pressing the clay inside mould. In the final stage of this experiment clays were dried after the cup shape then fires it in the kiln under temperature 1031 Celsius Figures 23-28 (see the following steps).
From this experiment of applying samples inside the mold, the best clay can be seen in sample (6) , this because the clay body kept the same form of the mould cup. Also, it gave a strong body pottery after firing. The next best sample was sample number (7) then sample (2) this because of firming of the silicate and less grains. Finally, came sample (5), but this sample was bind during International Journal of Geosciences 
Ecology of the Area
The study area is located North West Subiyah, at the far Northeast Kuwait resemble suitable location for clay industry, taking in consideration other positive factors for clay minerals (Figure 22) 
Discussions and Conclusion
Based on XRD analysis and field observations, samples were showed consistency in the revelation of the quantities of different constituents of the clays. X-ray diffraction study shows the presence of quartz, calcite, Dolomite, Illite, Clinochlore, Palygorskite, and Nontronite, as major phases. The clays after purification ex- All studied samples were considerably plastic raw materials explaining their excellent aptitude for pressing except sample no. S3, which show less plasticity due to highly carbonate and gypsum content. The sample mineralogy indicates quartz as a primary mineral, followed by plagioclase. Illite, Clinochlore, Palygorskite, Nontronite were the main clay minerals in the raw material samples.
From the industrial application for clays, originally, compositionally, they are an excellent raw material for the formulation of low porosity ceramic stoneware brick. Subiyah clay is valid for use in artistic and production pottery. The most purify clay from grinds and stones were sample S7. The best sample that can be suitable for throwing clay in the wheel is sample (S1), (S3), (S4), (S6) and finally (S7). For press mould of clay samples, the best sample was (S7), (S2), and sample (S5) but with a little bit binding. In other hand the invalid samples were sample
(1), (3), and sample (S4) which crashed after firing. In conclusion, sample (S7) was show a good behavior for mold, throwing and less grinding then (S2) sample and sample (S6) at last.
